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(57) [Abstract] 

[Problem] It designates metallic material w^hich is superior in fabric 
ability as substrate,is superior in collector perfoimance under use 
environment, at same time, it offersthe separator for fuel cell 
which does not have problem in cost. 

[Means of Solution] It is a separator for fuel cell which forms solid 
polymeric type fuel cell, it consists thematerial which possesses 
coating layer which consists of alloy whichcontains Sn , Sn in 
surface of metallic material which is superior in the corrosion 
resistance or compound which contains Sn. Because substrate is 
metallic material, it is superior in fabricability which the separator 
press molding is done, at same time, as for oxidized film of theSn 
component coating layer which is formed while vising electrical 
conductivity being high, decrease isprevented in collector 
performance in midst of using. 
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[aaini(s)] 

[Qaim 1] Solid electrolyte contacting each electrode which clampi 
ng is done from theboth sides, being arranged, it is a separator for 
fuel cell which forms thegas passage of supplied gas with said 
electrode, has collector performance, alloy whichcontains Sn , Sn 
in sxirface of metallic material which is superior in the corrosion 
resistance, compound which contains Sn, designates that it 
consists material which possesses coating layenvhich consists of 
Ru O2 , Ir O2 , Mn02 or WC asfeature, separator for fuel cell. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regards separat 
or for fuel cell. 

[0002] 

[Prior Art] Separator for fuel cell to be constituting component w 
hich fonns solid polymeric type fuel ceD, the solid electrolyte 
contacting each electrode which clamping is done from both sides 
andbeing arranged, being something which forms fuel gas and 
oxidant gas or other supplied gas conduitwith said electrode, 
contacting with electrode, it has coDector performance 
whichguides current. 

[0003] This separator, as shown in Japan Unexamined Patent Pub 
lication Hei 4 - 95354 disclosure and Japan Unexamined Patent 
Publication Hei 8 - 222237 disclosure etc, generally, isformed 
vwth dense carbon graphite or SUS , Ti. Cu and the Al or other 
metallic material . 

[0004] 

[Problems to be Solved by the Invention] From fact that collector 
performance where as for separator which by way,is formed with 
dense carbon graphite , collector performance is high, at same 
time with theuse of long period is high is maintained, it can 
separator which issuperior from viewpoint of collector 
performance. But. in order that passage forming performance in 
order to foim gas passage is granted themultiple protuberance and 
groove etc are formed on surface which opposes to theelectrode of 
separator. But, as as for dense carbon graphite in order that from 
fact that it is a verybrittie material, multiple protuberance and 
groove are formed in surface of the separator as for administering 
cutting or other mechanical machining it is not easy, fabrication 
cost becomeshigh, there is a problem that mass production is 
difficult. 

[0005] On one hand, in order that from fact that metallic materi 
al tothe intensity and ductility is superior by comparison vwth 
dense carbon graphite yoiiinscribed when, regarding separator 
which is formed with metallic material ,the passage fonning 
perfoimance of gas passage is granted press forming which forms 
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multiple protuberance andthe groove being possible, there is a 
benefit that fabrication cost to be lowthe mass production is easy. 
But, contact resistance of electrode of oxidized film which as for 
metallic material, underthe use environment of separator, oxidized 
film is easy to be formed by surface,is fonned being large, collector 
performance of separator there is a problem thatdecreases. 

[0006] In order that it copes with these problem, coating is done i 
t has beenproposed carbon graphite which is superior in electrical 
conductivity to surface of themetallic material which is superior in 
fabricability as constituent material of separator, thatthe material 
which is adopted. In addition, coating it can think that it does of 
Au or other metallic material which issuperior in electrical 
conductivity. But, material of former which designates metallic 
material as substrate asthe hermetic of coating material for 
substrate, reliability is lacking in the conformity is a problem even 
in process cost. In addition, as for material of the latter there is a 
problem in thepoint where coating material is expensive. 

[0007] Therefore, it is to offer separator for fuel cell where object 
oflhe this invention designates metallic material which is superior 
in fabricability as thesubstrate, is superior in electrical 
conductivity under use environment, at same time.does not have 
problem in cost. 

[0008] 

[Means to Solve the Problems] It is a separator for fuel cell where 
this invention separator for fuel cell, especially, solid electrolyte 
contacting each electrode which clamping is donefrom both sides, 
being airanged. fonns gas passage of supplied gas with thesaid 
electrode, has collector perfonnance, alloy which contains Sn , Sn 
in surfaceof metallic material which is superior in corrosion 
resistance, compound which contains Sn, It is something which 
designates that it consists material whichpossesses coating layer 
which consists of Ru O2 , IR O2 , Mn02or WC as feature. 

[0009] 

[Embodiment of Invention] Separator which relates to this inventi 
on is something which designates themetallic material which is 
superior in corrosion resistance as substrate, SUS , theTi, Cu , AI 
and these alloy etc can be listed as thismetallic material. In 
addition, as for coating layer which fonns separator which relates 
tothe this invention, alloy which contains Sn , Sn, compound 
which contains Sn, It is a Ru O2 , a Ir O2 , a Mn02 or a WC. 

[0010] Sn-Ni, Sn-Fe and Sn - Ti etc can be listed as alloywhic 
h contains Sn. In addition Sn02 can be listed as compound which 
contains theSn. Ru O2 , h" O2 , Mn02 and WC etc can be listed 
toother things as oxide. These, being a alone, are possible to be 
jointly used. Generally each material which was inscribed coating 
doing coating layerwhich forms separator which relates to this 
invention, in surface of thesubstrate, it is formed, but coating it 
does these material preceding, thecoating to do other material it is 
possible to surface of substrate. Sn coating is done preceding 
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surface of for example substrate, it ispossible coating to designate 
Ni beforehand as surface ofthe substrate. As coating means, 
plating . cladding » ion plating and applicationor other means can 
be adopted. 

[001 1] In addition, after forming coating layer in surface of substr 
ateregarding separator which relates to this invention, material 
which formedthe coating layer in surface of thing and substrate 
which are heated withthe temperature of melting point or higjier 
of Sn in shape of separator thecompression molding after doing, 
can be heated with temperature of melting point or higher of 
theSn. Furthermore material which formed coating layer in both 
surfaces of substrateand, regarding separator which relates to this 
invention, compression molding afterdoing, polymerizing fiiel gas 
side and oxidant gas side separator in shape of separator,through 
Sn, connecting mutually, it can designate both separator asthe 
structure which possesses water line for cooling between these both 
byheating with temperature, of melting point or higher of Sn. 

[0012] 

[Action * advantages of invention] When said separator consists 
of only SUS , Ti, Cu andthe Al or other metallic material 
regarding separator for fuel cell which this invention has madethe 
application object, when driving fiiel cell, as for contact portion 
of the electrode because it is exposed to oxidative atmosphere 
which water vapor of high temperaturefoims, oxidized film is 
formed to this said contact site. Because of this, separator 
contact resistance increasing, collector efficiency means 
todecrease. 

[0013] Vis-a-vis this, alloy where separator which relates to this 
inventiondesignates metallic material of corrosion resistance as 
substrate, contains Sn andthe Sn in surface, compound which 
contains Sn, It is something which has coating layer which 
consists of Ru O2 , their O2 , Mn02 or WC. alloy which 
contains Sn and Sn that itself electrical conductivity is high,at 
same time, oxidation doing even if, oxide becoming, as fordecrease 
of electrical conductivity quite from small thing, contact 
resistance are not timeswhen it increases for most part on on 
stream of fiiel cell,keeps high collector efficiency. In addition, 
compoimd , Ru O2 , Ir O2 , Mn02 and WCwhich contain Sn have 
higji electrical conductivity with state which theoxidation is 
already done. Because of this, contact resistance there are not 
times when it increases forthe most part on on stream of fiiel cell, 
keep high collector efficiency. 

[0014] Alloy which contains Sn and Sn, Or compound which co 
ntains Sn, With plating , cladding , ion plating and application 
or other means .easily, at same time coating is possible Ru O2 , 
IR O2 ,the Mn02 and WC, to inexpensive vis-a-vis surface ofthe 
substrate. In addition, as for coating layer which is formed by 
coating both thehermetic and conformity being a good, as for fear 
of peeling off fromthe substrate surface it is Ettie. 
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[0015] 

[Test Example] In order that presence or absence of influence for 
contact resistance when it exposesin steam atmosphere 
concerning thin sheet which consists of various metallic 
materialwhich form separator for fuel cell which this invention 
makes theappHcation object, is known it formed constituent 
material of separator whichrelates to this invention, in addition, 
forming solid polymeric type fuel cell which designatesthe 
separator which relates to this invention as constituting 
component concerning battery propertyit examined. 

(Test Example 1) With this experimental example, thin sheet whi 
ch consists of Ti, Al,theCu, SUS316 and SUS 304 which are a 
metallic material which is usedgenerally as separator, coating 
doing carbon graphite in surface of SUS304 thin sheet, thin sheet 
whichbecomes. Producing sheet which consists of dense carbon 
graphite respectively, with theSO °C 96 ho\irs it exposed these 
thin sheet and sheet in water vapor atmosphere ofthe humidity 
100 %, these thin sheet and contact resistance of front and back 
of exposurewith water vapor atmosphere in sheet it measured, 
result which is acquired is shown in graph of the Figure 1 . 

[0016] When result of Figure 1 is referred to, with thin sheet whic 
hconsistsof Ti, Al , Cu , SUS316 and SUS 304, the contact 
resistance, before exposing in steam in, it is small relatively, 
butwhen it exposes in steam atmosphere, it can recognize fact 
that itincreases considerably. As for this, from fact that steam is 
oxidative atmosphere oxidized film isformed by thin sheet surface, 
originates in formation of oxidized film and thecontact resistance 
understands greatly those which have increased. Therefore, 
regarding separator which designates these thin sheet as 
theconstituent material, contact resistance increasing on on 
stream of fiiel cell, collector efficiency decreases considerably. 

[0017] Vis-a-vis this, coating doing carbon graphite in siirface of S 
US304 thin sheet, the thin sheet which becomes. With sheet 
which consists of dense carbon graphite. It can recognize fact 
that contact resistance, before exposing in water vapor 
atmospherein, it is small, exposing in water vapor atmosphere, 
for most part, it does notchange. Therefore, regarding separator 
which designates these thin sheet as theconstituent material, on 
stream of fuel cell increase of contact resistance being little,the 
high collector efficiency is kept. 

(Test Example 2) With this experimental example, thin sheet of S 
US 304 which is a metallic material which is usedgenerally as 
separator is designated as substrate. And, coating doing Sn in 
surface of this substrate with thecladding , it forms, thickness of 
coating layer of Sn component produced thin sheet respectively 
asthe 30 |im , 20 ^m and 10 pm. These thin sheet with 80 
°C 96 hours were exposed in water vapor atmosphere of 
thehumidity 100 %, contact resistance of front and back of 
exposure with water vapor atmosphere in thesethin sheet was 
measured, result which is acquired is shown in graph of theFigure 
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[0018] When result of Figure 2 is referred to, after with thin sheet 
whichpossesses coating layer of Sn component, by comparison 
withthinsheet whichconsists of Ti, Al , Cu , SUS316 and SUS 
304,before exposing in steam atmosphere, as for contact 
resistance is small considerably,at same time, exposing in steam 
atmosphere, as for increase of contact resistancein quite it can 
recognize small thing. Therefore, regarding separator which 
designates these thin sheet as theconstituent material, on stream 
of fuel cell increase of contact resistance being little,the high 
collector efficiency is kept. 

[0019] Furthermore, thin sheet where in this experimental examp 
le, in surface of substratewhich is a thin sheet of SUS 304 it is 
superior in corrosion resistance, coatingdoing Sn02 , Ru O2 , Ir O2 , 
K4n02 and WC whereat same time electrical conductivity is high 
with ion plating respectively .becomes, possesses coating layer of 
thickness 2 |im to 10 ^m was produced respectively. And when 
test which is exposed in steam atmosphere which is similar 
todescription above was tried, each thin sheet was recognized, 
beforeexposing in steam atmosphere, as for contact resistance 
being small considerably ofcourse thing, as for increase of contaci 
resistance after exposing with the steam atmosphere quite small 
thing. 

(Test Example 3) Thin sheet which with this experimental examp 
le, with thin sheet of SUS 304 which is ametallic material which is 
vised generally as separator as substrate, coatingdoing Sn in surface 
of this substrate with cladding , becomes,possesses coating layer of 
Sn component of thickness 30 |im , 20 y^m and the 10 ^m, 
thin sheet where and, it designates thin sheet of SUS 304 as 
substrateand sd^er administering Ni plating of thickness 2 pm to 
surface, coatingdoing Sn in surface of Ni plate layer v^th cladding , 
becomes,possesses coating layer of Sn component of thickness 30 
Jim , 20 (om and the 10 |im. It produced respectively. And 
these thin sheet with non-oxidizing atmosphere 1 hour heat 
treatment were done with 250 "^C. 

[0020] Each thin sheet which heat treatment is done with 80 °C 
96 hours wasexposed in water vapor atmosphere of humidity 100 
%, contact resistance of front and back ofexposure with water 
vapor atmosphere in these thin sheet was measured, result which 
is acquired is shown in graph of theFigure 3. When these results 
are referred to, after contact resistance in these thin sheetequahty 
or is lower than that by comparison with thin sheet which isshown 
in Working Example 2 which possesses coating layer of Sn 
component, at sametime, exposing in water vapor atmosphere, as 
for increase of contact resistance in quite itcan recognize small 
thing. Therefore, regarding separator which designates these thin 
sheet as theconstituent material, on stream of ftiel cell increase of 
contact resistance being little,the high collector efficiency is kept. 
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[0021] Especially, after administering Ni plating of thickness 2 ^ 
m to surface ofthe thin plate shape substrate of SUS 304, forming 
coating layer of Sn component of thickness 10 ^m inthe surface 
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of Ni plate layer, both front and back of exposure with the water 
vapor atmosphere, it can recognize fact that it shows contact 
resistance which isequal to dense carbon graphite which it shows in 
Test Example 1 regarding thin sheetwhich becomes. Furthermore, 
it does heat treatment which was inscribed in thenonoxidation 
atmosphere, but it is possible to do heat treatment with 
conventional oxidative atmosphere. In this case, because oxidized 
film is formed to surface of coating layerwhich covers substrate, it 
is desirable to try to remove oxidized filmwhich is formed. 

(Test Example 4) With this experimental example, fonning coati 
ng layer of Sn component of thickness 10 pm in thes\irface of 
thin plate shape substrate of SUS 304, thin sheet which becomes. 
And after administering Ni plating of thickness 2 ^im to surface 
of thethin plate shape substrate of SUS 304, fonning coating layer 
of Sn component of thickness 10 jim andthe 30 pm in stuface 
ofNi plate layer, thin sheet which becomes, x-ray diffraction of 
change, and coating layer of cross section organization of coating 
layer was donewith non-oxidizing atmosphere concerning those 
which 1 hour heat treatment are done with the250 °C. Result, is 
shown in Figure 4 to Figure 8. 

[0022] As for Figure 4, fonning coating layer of Sn component of 
thickness 10 pm in thesurface of thin plate shape substrate of 
SUS 304, it shows optical microscope photograph of cross section 
organization inapproximately heat treatment of thin sheet which 
becomes. As for Figure 5 chart of x-ray diffraction of coating 
layer in after theheat treatment of same thin sheet has been shown. 
When this cross section organization is refened to, it could 
recognize with 250 theclear structural change with heat 
treatment , it was verified that it is a result Sn - Fe 
compoundwhich analyzed this structure. 

[0023] As for Figure 6, after administering Ni plating of thickness 
2 ^ to thesurface of thin plate shape substrate of SUS 304, 
forming coating layer of Sn component of thethickness 10 ^m in 
surface of Ni plate layer, it shows optical microscope photograph 
of cross section organization inapproximately heat treatment of 
thin sheet which becomes. As for Figure 7 chart of x-ray 
diffraction of coating layer in after theheat treatment of same 
thin sheet has been shovra. When this cross section organization 
is refened to, it could recognize with 250 °C theclear structural 
change with heat treatment , it was verified that it is a result Sn - 
Ni compoiindwhich analyzed this structure. 

[0024] Figure 8 after administering Ni plating of thickness 2 ^im 
to surface ofthe thin plate shape substrate of SUS 304, forming 
coating layer of Sn component of thickness 30 ^m inthe surface 
of Ni plate layer, has shown optical microscope photograph of 
cross section organization after theheat treatment of thin sheet 
which becomes. As for result of analyzing this coating layer, it 
was verified that in the coating layer Sn - Ni compoxmd has formed 
in. However, to be verified by surface of structure, that Sn 
hasremained, contact resistance of thin sheet after this heat 
treatment is recognized,originating in residual Sn of surface, those 
which are a thin sheet and asame extent before heat treatment. 
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Therefore, when coating amount of Sn is many excessively, doing 
the heat treatment, Sn remaining in surface, you cannot expect 
effectof heat treatment. 

[0025] From result above, coating after doing Ni, when coating lay 
er ofthe Sn component is formed in surface of Ni layer, heat 
treatment effect isexpected to surface of thin plate shape substrate 
of SUS 304, as for coating layer ofthe Sn component it is 
desirable for thickness to be 10 \im or less. In this case, as for 
Ni layer it is desirable for thickness to berange of 2 pin to 10 
Jim. When thickness of Ni layer is \mder 2 ixm, after heat 
treatment, ratioof Sn which remains in surface becomes high, 
cannot expectthe effect of heat treatment. In addition, when 
thickness of Ni layer exceeds 10 jun, withrespect to cost it is 
disadvantageous when and also, compression molding doing in 
shape of separator, there is a possibility of causing thehindrance. 

[0026] Furthennore, changing into thin plate shape substrate of S 
US, when you adopt theTi or other metallic material, it is similar, 
in addition, heat treatment effect is expected when thecoating 
layer of Sn component is formed in surface of thin plate shape 
substrate of SUS 3 04, as for coating layer of Sn component it is _ 
desirable for thickness to be theS ^m or less. Because, because 
with 5 pm or greater ratio of Sn which remains afterthe heat 
treatment becomes many, characteristic that is not utilized to 
fiillylowers contact resistance of Sn - Ti compound which is 
formed. 

(Test Example 5) With this experimental example, in order surfac 
e of thin plate shape substrate (thickness 0. 1 mm to 0.3 mm) of 
SUS 304 and theTi, or, coating after doing Ni, thin sheet which in 
thesurface of Ni layer formed coating layer of Sn component, to 
become electrode contacting sidewhere coating layer side has 
multiple protuberance in same surface, compression molding it did 
inthe shape of separator for fuel cell. Next, imder nonoxidation 
atmosphere heat treatment doing thin sheet which compression 
molding isdone, with temperature of melting point or higher of Sn, 
it formed separatorfor fuel cell. 

[0027] It was verified to separator which it acquires, that Sn - Fe 
compound , the Sn - Ti compound and Sn - Ni compound etc 
exist in siirface of electrode contacting side. Furthermore, 
compression molding which was inscribed is folly withthe molding 
means which uses conventional mold which possesses top and 
bottom both molds, in addition,the hydraulic it is good even with 
molding means which forms making use of theany of top mold 
and bottom mold. Regarding compression molding, because 
coating layer of Sn component is rich to thespreading, as for same 
coating layer having been covered surface of thesubstrate regarding 
vicinity of protuberance whose deformation is harsh, exfoliation 
fi-om substrate surface is not recognized. 

(Test Example 6) With this experimental example, in order both s 
urfaces of thin plate shape substrate (thickness 0. 1 mm to 0.3 
mm) of SUS 304 and theTi, or, coating after doing Ni, both 
surfaces of thin sheetwhich formed coating layer of Sn component 
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in surface of Ni layer, tobecome electrode contacting side which 
possesses miiltiple protuberance in same both siirfeces. 
thecompression molding doing in shape of separator for fuel cell, 
it fonned thethin sheet for fuel gas side separator and oxidant gas 
side separator. Next, polymerizing these both thin sheet, under 
nonoxidation atmosphere heat treatment doingwith temperature 
of melting point or higher of Sn, through Sn, fuel gas side 
separatorand oxidant gas side separator where both thin sheet are 
connected mutually fonned separatorof one body. 

[0028] To constitute in structure which possesses water line for co 
olingbetween joint of both thin sheet regarding separator which it 
acquires, being possible, by making this constitution. Decrease of 
cost of separator for fiiel cell. It is possible to assure 
improvement of electrical conductivity between the fuel gas side 
and oxidant gas side separator. Furthermore, it was verified, that 
Sn - Fe compound , Sn - Ti compound and Sn - Ni compoundetc 
exist in surface of electrode contacting side regarding this 
separator, at sametime, it was verified that coating layer has not 
peeled off firom thesubstrate surface. 

(Test Example 7) With this experimental example, after administ^ 
ering Ni plating of thickness 2 pin to thesurface of thin plate 
shape substrate (thickness 0.15 mm) of SUS 304, compression 
molding doing thin sheet whichformed coating layer of Sn 
component of thickness 10 in surface of Ni layer,the after 
that under nonoxidation atmosphere heat treatment doing with 
temperature ofthe melting point or higher of Sn, it formed fuel 
gas side separator and oxidant gas side separator Adopting these 
both separator, fonning solid polymeric type fuel cell, it measures 
battery property, shows result in graph of Figure 9. 

[0029] Furthermore, thin sheet which formed coating layer of den 
se carbon graphite component of thethickness 10 in surface 
of thin plate shape substrate (thickness 0.1 5 mm) of SUS 304 as 
Comparative Example, thin sheet only of thin plate shape 
substrate (thickness 0.1 5 mm) of SUS316 and Ti, compression 
molding doing, in combination with characteristic of solid 
polymeric type fiiel cell whichdesignates various separator which 
become as constituting component, to graph ofthe Figure 9 it 
shows. 

[0030] When same Figure is referred to, it could recognize fact tha 
t thecharacteristic which is almost equal to separator of dense 
carbon graphite make regardingthe separator for fuel cell which 
relates to this experimental example, is acquired, furthermore, as 
for this characteristic change over time was verified for mostpart 
without being. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a graph which shows contact resistance of various s 
eparator material. 

[Figure 2] It is a graph which shows contact resistance of various s 
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eparator material which possess theSn component coating layer 
where thickness differs to surface of thin plate shape substrate of 
metallic. 

[Figure 3] It is a graph which shows contact resistance of various s 
eparator material which possess theSn component coating layer 
which differs to surface of thin plate shape substrate of metallic. 

[Figure 4] It is a microscope photograph which shows cross sectio 
n organization approximately of heat treatment of theseparator 
material which possesses Sn component coating layer in surface of 
thin plate shape substrate of themetallic. 

[Figure 5] It is a chart of X-ray dif&action of coating layer in sepa 
rator material after heat treatmentwhich is shown in Figure 4. 

[Figure 6] In surface of thin plate shape substrate of metallic coati 
ng after doing theNi, forming coating layer of Sn component in 
surface of Ni layer, it isa microscope photograph which shows 
cross section organization approximately of heat treatment of 
separator materialwhich becomes. 

[Figure 7] It is a chart of X-ray dif&action of coating layer in sepa 
rator material after heat treatmentwhich is shown in Figure 6. 

[Figure 8] In surface of thin plate shape substrate of metallic coati 
ng after doing theNi, forming coating layer of Sn component in 
surface of Ni layer, it isa microscope photograph which shows 
cross section organization after heat treatment of separator 
material whichbecomes. 

[Figure 9] Battery property of various solid polymeric type fuel ce 
11 which designate separator which consists ofvarious material as 
constituting component it is a graph. 
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